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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a coating 
method of a heat shield film having durability. 
SOLUTION: For coating a heat shield film 4, at first, a 
metallic bonding film 6 composed of MCrAlY with Fe, Ni, 
Co or a mixture of Ni and Co as M is laminated on a 
substrate of a superalloy. Unrequired oxides and 
contaminants in the metallic bonding film composed of 
MCrAlY are removed by an ionized gas flow cleaning 
method such as reverse plasma arc cleaning. After the 
formation of an aluminum oxide thin film 8 having 
adhesive properties on the metallic bonding film 
composed of MCrAlY, a ceramic layer 10 is formed on 
the aluminum oxide thin film by a physical vapor 
deposition method, and its structure is formed into the 
columnar one. 
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Ni, Co, Fe, ifcliNiiCoi^ftSrMt 

^twb^ft^ai-i^ ttria^Mc r a i 

itfta^MC r A 1 Ya»fcJ5Jtett*R±fc**H4*r*i~5 

JE^ — If fc * - KT-fc s n 

[ft*® 3] W1SMC rAlYlt ^ftflUfetfttJ* 
t22Co-17Cr-12. 5A1 - 0. 25Hf- 

o. 4 s i - o. 6 y£«s*u n i ^wssttfcto 

fitrlSS^^^J7 0 4 < £^fc&j8 1 6tOiBS-C»2 5# 

[ff*»S6] ttTEO-f ^^b^«E»»XStt. MC 
r A 1 YlfttSSftfcaftSrJta^t^-rtl-EIt 

b, mmcDMCr A\Yx*&m£frfrmfctmMt<Dm 

4. 0kPa*»b»5. 3 k P a 0»6*fJE-C. » 7 6 0 

[R«49] WET — S16 5 V^fc^Jl 5 0 
V<DSffiT*0 A<D««EKT3&££i*. *5 3 0V^e>» 
4 0 VOSffi"C*ll 7 5 A^feJB 12 5 A<Dl8^lwT#uf5 



2] WEt?5y^ltt, *fc^=* = * 
A^»3w t 2 5 w t%©5fcfe»4:*»b*9, 

[38W©B*l*lftW] 
[0 0 0 1] 

[0 0 0 2] 

^^-lf^^^^^*^cS^fc^JE^--tf^t — 
K, »5JE* — tf:^<— >^ttx ^tibMBf-^^u— 

^oWMftm*m&x~%z>£5fci-z>b&\^ mm? 

30 -fcr>-:/i— K, B5JBE* — lf>"<— ^o*fc«r*<i-« 

[0 0 0 3] ttE^i 5 — ifV* 

ft* Six*. ^UT, fc 0 -^^^ 

v-Mzzzvomt&mmmwT. EB-pvD»t 

I424 8 0t(4 5 0 0° F)a±«>»A^ltJ*SH6. 
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9, MfBO^Lyb-feT^ yf&w&ztiMzmt-tiz. 
tooo4] ^^)M«a^Mi-M»t5 c t ia 

E B - P V D liBlit 9 S * * S SrT&iM-* KM v ^ 

^ y * <o&#mm& x umtT/v ^ = vm^&z> it^fe 

i;6STf#5c r.(^±5*ffltli. =^V ^"^(Ul ion) ft fete 
#*Sixfc*H4»fFJS4 , 3 2 1 , 3 1 0-^, 14,40 
5,6 6 0f, I4,4 1 4,2 4 9f, *5«ttF^ h^V 
^^(Strangman)ft^#^$3x^l*a#fFB4 , 3 2 
1.3 1 1*. *4,4 0 1,6 9 7t, 84,4 0 5,6 
5 9*td^H^*iHclBtt$iX'CV>5c 
[0 0 0 5] L^U^dSfe, miB^iJftDltta^O^ 20 

<o^HS36s^6*m«l<fftoJ^■cv^s. «o-c\ imt* 

[0 0 0 6] 

»H*j!»LJ:5it5ii] 

[0 0 0 7] #5&§Hra\ S^^SSltCMC r 

A l YJS*Blfr«IJiUTff 5 r fcSrWfftfci-SSftlSWBt 30 
<B»*#i£Ki3^Tfc-&tro tulSMC r A 1 Y<s> 

Mi*, Ni, Co, Fe, * fcttN i t C o t <DW&1to 
Sr*5fei"5 1 0"CS>5o tulB^MC r A 1 Y*£-a^K:*5 

UtrEMC r A 1 Ytt-frlR-h^^* tt, ir^ 
[0 0 0 8] «Ji^UfcJ:5**asW^#»*5J:t^J^ 40 
[0 0 0 9] 

G>a**ttfc:*5V^ Fe, Ni, Co, SfcttNii 
C o iOfi-frWSMi: bfcMC r A 1 Y^fe*6AJRJft 

««f»*ffifc ± 9 > 8trfB<OMC r A 1 Y^fertSAJRiB 
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[0 0 12] tt*9UE4R4>X91K:. fufaStel-:*^ 

[0 0 13] Bt**5fB«<0*Mtt. WWBXfia ^Ig 
b k<Dm\Z-&^X* M^g:&&%)7 0 4<C (1 3 0 0° 
F) ^^8 16t (1 5 0 0° F) <DmMXffi2 Sft 

[0 0 14] Ht*q[6fB«oaiWtt. tWBO-f*^^ 
*ifc»i*o:gl£*3V^T x MC r A 1 YXWRZtlfc&ft 

^^Ffiftt^Sr«fEA"t-5S«i:. fulEOMC r A 1 Y X 

£ *t fc S# i i <o m \c T - * * m §L * 

[0 0 15] »*3a7|Btt<D3fiWW:. fMBO-f ^fltff 
^«E»j^XS^j3V^T. JB4. OkPa (30tor 
r ) ^fe*S5. 3 k P a (4 0 t o r r ) (Dl&ttJEX. 
S7 6 0t (1 4 0 0° F) ^^8 7 1t (1600 
0 F) OtME-CfTjrfcSrWtRfc-fS. 

[0 0 16] M#*8lB*<D*Wtt. ttTfS^/F^tt^f^ 
IC^oVnT. ^y^i^, T/V^ls, •&1t\*^V VJ^bTfr 

[0 0 17] S»**9ia*^5IWr4. JtaiET-^is^ 
«?J1 6 5V^^Sl 5 0V(D9,tiLXm0A<Dmmc 
X$£±£&, ^) 3 0 V^f)8 4 0 V^)tM 7 5 
bfil25 A^SdKtCTttrfBT-^ «r«»i-5 r <ir 

[0018] ofB*o*WH:, sfrfBo>r^v{b 

[0 0 19] lfBttO^K^, HtffEco-f 

[0020] tf*^i 2ia«o*Ktt, fulE-fe^^ tx^ 



jf K*3^T. ^ 9 A i |U 3 w t %^ 6>» 2 5 

[0 0 2 1] ^ 

[0022] *5£m<ommwm\*s n*<o#**-^^ 

£fcfiti§5J£* — tfv^i/- Klc»*Six5o flfiSKfctftW 
BSWtt^»*^ftSrlB3CUfct<OT?fc5o ft*^ *S£K 

[0 0 2 3] B 1 ft? - ^ ^V^- K 2 fc*t fc©"C* 

H2lc»i-J:5K:* f&B5WR4fit, ^I^fiei:, -t 

l 2 0 3 )i8h Hfc^as^AJZrOzJOttWi? 
fe* 5 WEIMbT A- ^?^I8 £ *t 5 i? 

So 

[0 0 2 4] te-fr«6K::fcVvCW:. S{kT/V^ 
8«r7gJ5fc, *5i:T^*fe7^ ^^11 0 2rK«i-5*:£>K:*S 

g4 — tf^ix— K2 i(DWfc:fi#ftffi*2J*:tt-§- 
^|10 ds*t£>0( 6 ^ & f(*f I4*&B8»« 4 ^ 

K©»*ttttTttt*5. 
[0 0 2 5] *«W©&«*S^Bl6 1Cfit, — 

<D#ffiv^*t£ 0 £©J: Sftttfl-tt* — ISfWKIMMtT 
jv * ~ * J* co^«S Sr^-T 5 <D fc+^fti^T*' 5: =■ 
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LTI*> Ni^:Al^^MCrAli 5 fc5o ft 
:fc N mJ!5MC r A 1 (DM fit* F e , N i , Co, *fcfit 
N i t C o t ©a^»*«!*t5 fe©^*>5o 
»«fc»V*T* WE©{fc¥5*MC r A 1 fit. SSftl*, * 

tz\t^<o^m^mz.x-^m^bfix^^s i , H 

f, Ta, Re, Jt&JR© «fc 5 ftj*5^©tt-frff *T*A/« 
S^ftlc:^Tfc&^5t><D"C*>5o SuffiMC 
rAUt KfT;^;t^Ki, 1 flk^fittMfc 

v\ »*u<fit. &mmitmett+ &ww#n i - 2 

2Co-17Cr-12. 5A1-0. 25Hf-0. 
4Si - 0. 6Y(llJt)i:65MCrAl*ttro - 
OfcjfcKloV^fit. (Gupta) ftKltt^S*tfc#B 

^pp^ 4,5 8 5,4 8 1 ^itfSSSfmtTSS 32,1 

[0 0 2 6]41«*l6tt, Z<D&m&mz&\^X- 
^ftK&^Tv^SJi;£&©5^ WE© ± 5 ft*t** 

&aitt5#i£iw±o-caiv?ft5e we** 
^«6tt, fiE/7Xv^^v-(LPPS), m*-*- 
Aia^iwifS(EB-pvD), ttft^y*. i» 

Sr— ^ftif©*>6>* ; 5*j5felz:J:9a«SJT'*« ^ l — 

-CSS* 3 ttttt?^^iiom 
CS^^^^^^^-K2^^J£^Uftv^J:5i--r5fc 

5 i^5l35S fc5o »if©*fi\ A«*S-frBI6 2 
5 M m(lmi 1 )^^2 5 0 /im(l 0m i 1 s)*Cb 
TV^o #£L<fit. Je-frBt6©ffSSr»2 5 nm(l 
mi l)d^3B7 5jtim(3mi 1 s)lCU-CV^ 0 

«6«:«Jiufc*. ff*u<rt. »-fr«6©ft?L*fcfit 

tf— ^V^-fS, fc5V^fit««JDX*fcl4W«^raXi*5 
rile* 9. «ai«6Ka«t75y?ii o£l£ 

[0 0 2 7] tT— nV^*fc(4m©SB«!i3®Sr^ofc 

»»K«r**i-S. — »ttfttt*»Wfc±6W**ft 

4^(1 3 0 0° F)^b»8 16t(1 5 0 0° F)<OWl 
Kl?»2 5^6>»4 S^OfRt-f ?^l8^t 9, « 
il^y^^f^^ 5 3K56(*fcfit^9y-)^5 
^y-f^, *fctt****i^ft^©««tt«»Ki-3 

JfeiPK ««*DX»»^->f EDM^/U«)Sr»ft# 
«tt«IMMl*r**"t"5- *W«Afit. 

ff^XglCT. 5S?^9X-^T — ^ (reverse transfer ar 
c)W#"^^ ( D^^" :x ^ : ^ ; ^^^^ : *"^( ionized str 
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earn cleaning process) £rill£!i~<5 ^ k \Z. 4 Y) > B£<D0 
[0 0 2 8] ^tWW^SMlltd 

zzfis— K2^s^^^v^-p fc 9t-ia©ur, tois 

^ett#*Sri«AU ii^u- K2 iofHlcT— ^ 
5. ^<OT-*l4> :/u-K*ffi±G>iMb* 

£3$) 4. 0 k P a (3 0 t o r r)3&>feJRj5. 3kPa 10 
(4 0 t o r r )<£>*fc#JET% 87 6 0^(1 4 0 0° F) 
frtbfo8 7 1<C(1 6 0 0° F)<DW.£Xfto e ttff^ 

L<»i. mm<D^*>'ittf*mw&3-&*ifc4- 7kp 

a(35torr)^fftf!)8 16t(15 0p o F) 

Lfcfc *L* e T— *l4fc6>$>5;fr«fcfc.fc !>3££ 

l^l — K 2 i*KR§«£K«L 
XT— ^§r$5£$i*r5 0 rcoifrete. ^WK2i| 20 
ffifcOlBfcifcV^T. «{S3r#*Jl 6 5 Vfrhm\ 5 0 VK 

^lilfilr^3 0 V^M4 0 Vtt:L««L«r*&7 5A^ 
fej&l 2 5 Alitor £H4 5«W**t5« bd^bft* 

U<ttx fflie?:^ 1 6 0 Vfi«^ 0 AH t, m 
ft*tfc*lcT»fT»3 5V^b««E%KJl 0 0Ai:t 

[0 0 2 9] ^^W^^iSMXS(t?iJill 3?^^ 

E B - P VDM£t^«l^fift5Saft >'< 
— % fc5VMiEB-PVDi^Irtlit1ri5ti5e ml 
iEo-f WW^atiiWi* E B — PVDi^gl^ 

£ ftfcflfi***:/ i — K 2 $r^|gi6i-5 40 
-PVDi^gfrt, Wilio- Kp (load lock) 

[o o 3 o] striE^«t 5^«f»u&«, ttttgftjftftifc 



{bT/i^ = *-Mi8H\ {b^tt**ft*fcttfl»G>«Ji 

^I80»*tt, *OlMbT^$:=**«8 0*«*3 
4t#§— &\z&<5\,^xm*&fc£ J &Z>Z- k&X%Z> 0 » 
£b<»4, ttrfs^>ft:r/v^^^A^8oji:^^8o. 1 

/im(0. 0 0 4mi 1 s)^^10/im(0. 4 m i 

i s)K-r5o 

[0 0 3 1 ] tttt-fe7 S y^Jll 014. ^gH*tLT 

«ffl$tt»S^v— K 2 ©JUE^-C+^ftWSfcjett 
*s»b*t5J:5lcft5 0 #J*:14. 8ttt7^/^il0 

^(ZrOz) , *fkt!)^(Ce02), SMb^* 
v"?A(MgO), ^/^^^(C a 0)S:iV^M 

k UTW:SKb>r yb!) *-MY 2 o 3 ), Wt{k^y**>&J* 

(MgO), 8ft^v/^(CaO), *fc!4. tixh(D 

m&yotek*&m^bivz>o **5, *waiMb>f yhy^A 

tt, »»*5fcJfefb*l"e*>*. OTE©S«-t7 5y^Jll 
0J4, ^^^-tfyxyv?yTgr^#5lM 
S®Sf^T% iMb^= = ^^<OffiaE<b(ffilA-tf. »* 
LV^IE^^^f4^fe^ H B H «3t^b, e*b<*V^»fe 

;^{7Ai:f53w t %a>b#?j2 5 w t yh9? 

Hi. «tffEOtt#-fc?$ 0 14. RKUESBi^tt 

#LT. S6wt %J&>6>#&8 w t > h V ^A. * 

few* 1 i w t %a>e>» i 3 w t %<DWt<t<4 * by * a 

[0 0 3 2] m 2 \Z^TX 0 H, attir^ 7^11 0 
C^UfcfcoTSSi^t^^ y M 2 Sr^-H^ffc 

+^W5o r.<Di5*a**ffi»4x ^y^V(Ulion) 
ttbKlft*S*tfc*BWff*4 .321.310*, IB 
4. 405,660 *,-S|4. 414.249*. §15.2 
6 2,2 4 5*. V^>-(Strangman)BciC 
#^.^ttfc*B#ITB4 .321.311*, 14,40 
1,6 9 7*, g4 l 4 0 5,6 5 9f^Jl^*iH 



(6) 



000-192256 



^KSrait^^itT, EB-PVD«6*fctttt* 

m&&&\sX^ZZ.bti*Z>. EB-PVDSfciott 
*S£*t5 0 ffllS^iptc, ft«t7^^Il0li4I 
*£^Bl6l;:&&£*u ff*Utttt«t?5y^ilO 
Sr *<bT *> ^!)^I8 Icfe^ S *"C Afttfrfrlll 6 fc« 
mZftZo tt*t*9 5 y^Ji 1 0 ix, 

9 S y*JiG>»Stt#&l 2 5 Mm (5m i 1 s 1 
2 5 0 /zm(50mi 1 s)mi-5 0 »*U<tt. fufBS 

$fcir9 ^/^ll OOfStt, *5jl25jt£m(5mi 1 
s)^5)*56 2 5 /zm(2 5mi 1 s)iw-T6 0 
[0 0 3 4] ftjc. *5SWO|»*©«H*rR3e*i*l-. 

[0 0 3 5] 

MC^V^fc;h,5^ift<W (burner rig bar ; V 7 

#WiWi-5)©tWl^5*c|fcB&*iIll«rS6*Ufco ffl 

i - 5Cr - lOCo-1. 9Mo-5. 9W-3Re 
-8. 7Ta-5. 6A1-0. 1 H f (Hit) t45 

*©E«tt:l. 18cm(0. 46 in 
ch)tfi^lil0. 9 2cm(4. 30inch)t* 
ofCo **3&MfiJ7 5 M m(3m i 1 s)"C^*tt^ 

^Ni-22Co-17Cr-12. 5A1 - 0. 2 5 
Hf - 0. 4Si-0. 6 Y(S*Jt) k*5AJPU*-fr*t 
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^ti-Etiasifc. &&m&&mzm 1 079 
t(i 9 7 5° F)t8«»»iu, * 

— (gravity assist shot peen i ng) H «£ o T fc° 

—~>?i,tz 0 striae i 5 ictr— ttjiso 

(1 3 0 0° F)t?3 0^fBJD*»i-5w 9, ttfBO 

#y ^^W^ffi^fcfe**^^*^^^**** 

^(>6 0 jtimJOBftfkT^^^^AODfi^SrfflV^^ 

ft»4tfc. f« 5 filMm(0. 04mil)^TGO 

*ttftfll*«Ufc e * tT, 7 w t %<BBMfc>f 2/ h 
V ^^^^f^1tm^/^^^^h^^2 5 
0^m(10mi 1 s ) <£>ft#tir 9 ^ y ^ — J&ftfttt 

E©#P/*»li, liu!B<D<fcl£«fcoT£U 1 5 0<C(2 
10 0° F)<0»£-«B5 7^IBlJ0^Lfc«, 

auto ^o^, fltriB(D«-y ^»«sr«MttJwa«u 

so KR^*Sr, *B*f#ife £ UTTKSt 1 fc« Lfc e 
[0 0 3 6] 
[iSi] 
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1.376 
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0.532 


3 


0.417 
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1.640 
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1.037 




1.000 




0.527 



[oo37] (*&mz£.znmmmp5mm : kPi&ttx- 

P a (3 5 t o r r)ICffi»Ufc. ^©t. ^X^^y 



j&3 5 V\ZVm.m*&Sl 0 0 AICL-T. T-^Sr^o 

fc. iwa©*9 ?wttzifrmm&i'fr&.. ^tnb&v 

EB-P V Dfc*SS1t»c*aii-5*:ft*BBa»- J t^ j eiT' 
TOvfcc lUEO* !) E B - P V Dt«81rtK 

so s-^IitJWt, «WEOt!6*ailffcJ:5tt;|MliPI« 



t&ffl 2000-192256 

12 

©MfcSrfTofc. «*fc±Sf«MS*fc:mn: [0 0 3 8] 



K3^f 
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1.695 
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1.630 
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1.782 
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1.640 


10 


1.211 




1.591 




0.221 
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[0039] Baft, mkosa a 

A) t*36Klc J:5*Mi«»c-CfTofc«5JmWRte*©iF 

0%3fi< |p]±LTVN5,r t*i6B-e#fcp ^SUtfca* 

JWJrdJ, «2O«v\|l9flttlcJ:0 9$ix«r2: <, =66 
#Sfc£5»j*Ufc4HB&&ft#*AJ:9 ft 2° 

£*t-CV5«, IroMlrJ: <?±8— lei" -5 r bit. 

#T#, W&a* h*ffi< 
[0 0 4 0] £iJb, *^K^*5V»T, SEtt^ftfcAftcetJ 
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[HF-g-OttH] 

2 ■••^-t'^T'V- K 

"4 -IMttMt 

6 ••■^jg^-a-a 

1 o-e^-fe^ 5 ytm 
1 2-*^^ > h 
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